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Attorney Docket No: 203-034 

Method and Arrangement for Detecting a Driving State 
Cross Reference to Related Application 

This application claims priority of German patent 
application no. 103 18 111.3, filed April 22, 2003, the entire 
content of which is incorporated herein by reference. 
Field of the Invention 

The invention relates to a method and an arrangement for 
detecting a driving state, especially of a motor vehicle. The 
invention also relates to a digital storage medium. 
Background of the Invention 

From the state of the art, various methods and arrangements 
for determining critical driving states are known. German patent 
publication 199 18 597 discloses a method for reducing the tilt 
danger of motor vehicles wherein a tilt coefficient of the motor 
vehicle is continuously determined and compared to a pregiven 
limit value. When the limit value is exceeded, a steering 
intervention is automatically initiated which increases with 
reducing tilt stability. The tilt coefficient is determined via 
a measurement of the tire contact forces or by measuring signals 
from which the elevation of the center of gravity of the vehicle 
and the transverse acceleration at the gravity center can be 
determined. As an additional measure, a braking intervention can 
be initiated. 

United States Patents 6,424,907 and 6,438,464 as well as 
German patent publications 199 04 219, 198 29 361, 101 33 409, 
100 65 724 and 100 39 108 all disclose different additional 
methods and arrangements for determining the critical driving 
states during driving operation, especially, for determining a 
tilt tendency. 



Summary of the Invention 

In contrast to the above, it is an object of the invention 
to provide an improved method for detecting a driving state as 
well as an arrangement for detecting a driving state. It is also 
an object of the invention to provide a digital storage medium. 

The invention makes possible a detection of a driving state 
from a plurality of driving states. This can take place in that 
each driving state is assigned a test criterion. For detecting a 
driving state, a driving parameter is first detected. Based on 
this driving parameter, the test criteria of the driving states 
are then evaluated. 

According to the invention, this takes place in such a 
manner that first the test criterion of the driving state, which 
is classified as the most dangerous, is evaluated. If this test 
criterion is not satisfied, that is, the most dangerous driving 
state is not present, the test criterion of the second most 
dangerous driving state is evaluated based on the driving 
parameter . 

The evaluation of the test criteria therefore takes place in 
a time -dependent sequence from the test criterion of the most 
dangerous driving situation to the test criterion of the least 
dangerous state. With this sequence of data processing, it is 
ensured that especially dangerous driving states can be detected 
with the highest priority, that is, that they can be detected 
especially rapidly. 

In accordance with a preferred embodiment of the invention, 
the method distinguishes, for example, between three different 
driving states: (i) tilt tendency during a dynamic driving 
maneuver; (ii) tilt tendency during a quasi-static drive through 
a curve; and, (iii) tilt tendency during a drive on a slope or 



when at standstill on a slope. 

The driving state "tilt tendency during a dynamic driving 
maneuver" is classified as the most dangerous and the driving 
state "quasi-static circular travel" is classified as the second 
most dangerous driving state. The driving state "travel on the 
slope or standstill on the slope" is classified as the least 
dangerous driving state. The test criteria are assigned to the 
different driving states in accordance with this classification. 
These test criteria are continuously evaluated based on one or 
several driving parameters . 

Here, it is always first checked whether the test criterion 
of the driving state "tilt tendency during a dynamic driving 
maneuver" is satisfied by the driving parameter ( s ) . If this is 
not the case, the test criterion for the second most dangerous 
driving state is thereafter evaluated and then, the test 
criterion for the least dangerous driving state is evaluated. 

The following can be detected as driving parameters for the 
detection of a driving state, for example: roll angle, roll angle 
velocity, transverse acceleration, yaw rate, steering angle 
and/or wheel contact forces. These driving parameters are all 
detected by corresponding sensors . 

In accordance with a preferred embodiment of the invention, 
the roll angle is obtained by evaluating the signals of elevation 
sensors which measure the distance between a wheel axle and a 
vehicle body. The roll angle velocity can be determined from the 
roll angle in that, for example, the roll angle signal is 
filtered by two different lowpass filters and the filter outputs 
are subtracted from each other. When one of the filters is a 
filter having a long time constant, that is, a so-called 
long-time filter, and the other filter is a filter having a short 



time constant, that is, a short- time filter, the output signal is 
proportional to the roll angle velocity. 

In accordance with a further preferred embodiment of the 
invention, a threshold value is assigned to a first driving state 
as a test criterion and a second threshold value is assigned to a 
second driving state as a test criterion. The first driving 
state is more dangerous than the second driving state and the 
first threshold value is so selected that it can already be 
reached without the second threshold value having to be exceeded, 
for example, the first threshold value is selected smaller than 
the second threshold value. With the selection of a smaller 
threshold value for the more dangerous driving state, the larger 
tilt tendency is, for example, considered in the more dangerous 
driving state in the test criteria. 

According to a further embodiment of the invention, a 
warning signal is outputted when a driving state is detected. 
This can, for example, take place via a display device in the 
vehicle cockpit in order to correspondingly warn the driver. For 
example, the warning signal can be outputted as a visual signal 
or also as a touch-sensitive signal and/or an acoustic signal. 

Alternatively, or additionally, a signal is outputted to a 
motor vehicle control system (open loop and/or closed loop) after 
detecting one of the driving states. This signal preferably 
indicates the detected driving state so that the control system 
can react in a correspondingly adapted manner. If, for example, 
a driving state with tilt tendency is detected, the tendency to 
tilt can be countered by an automatic braking and/or a steering 
intervention and/or additional measures. The control system 
which is applicable for the above, is especially an ABS, ESP, 
active steering adjustment and/or engine management system. 



The application of the method of the invention is especially 
advantageous in vehicles having a high center of gravity such as 
small transport vehicles, vans or off -road vehicles because 
vehicles of this kind with a high center of gravity can tend to 
5 tilt during dynamic driving maneuvers, that is, with a sudden 

change of direction or during travel in a curve or circle. With 
the method of the invention, a tilt danger can be timely detected 
in order to rapidly take corresponding countermeasures such as a 
reduction of the engine torque, an additional brake torque and/or 
10 an adaptation of the damping characteristics. 

Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a flowchart showing an embodiment of the method of 
15 the invention for detecting driving states; 

FIG. 2 is a block diagram of an arrangement of the invention 
for detecting driving states; 

FIG. 3 is a schematic of a motor vehicle with a further 
embodiment of an arrangement for detecting driving states; 
20 FIG. 4 is an embodiment of a decision matrix for the 

detection of driving states; 

FIG. 5 is a filter device for determining a roll angle 
velocity signal; and, 

FIG. 6 shows the time -dependent course of signals for 
2 5 explaining the operation of the device of FIG. 5. 

Descripti on of the Preferred Embodiments of the Invention 

FIG. 1 shows a flowchart for detecting a driving state. In 
step 100, one or several driving parameters are detected. For 
example, the roll angle, the roll angle velocity, transverse 
30 acceleration, yaw rate, steering angle and/or the wheel contact 



forces of a vehicle are detected. In step 102, a check is made 
based on these driving parameters as to whether a driving 
state F ± of a plurality of driving states F = {F 1( F 2 , F N } is 

present. A test criterion Pi is assigned to each of these 
driving states of the plurality or quantity F. When a test 
criterion P ± is satisfied by the detected driving parameters, 
this means that the driving state F ± is present. 

The driving states are classified with respect to their 
degree of danger and are correspondingly sorted. The most 
dangerous driving state is the driving state F 1 and the least 
dangerous driving state is the driving state F N . The driving 
states F 2 to F N _ 1# which lie between driving states F ± and F N , have 
a decreasing degree of danger in this sequence. 

The check in step 102 takes place in the manner that first a 
check is made as to whether the most dangerous driving state F x 
is present in that the corresponding test criterion P x is 
evaluated by means of the driving parameters detected in 
step 100. If the test criterion P x is satisfied by the driving 
parameters, this means that the driving state F^ is present. 
Thereupon, a signal is outputted in step 104. 

The signal 104 can be a warning signal for the driver which, 
for example, is outputted via a display on the instrument panel 
of the motor vehicle. 

If, in contrast, the check criterion P x is not satisfied, 
then the index (i) is incremented in step 106 in order to 
evaluate, in step 102, the test criterion P 2 for the less 
dangerous driving state F 2 . 

This sequence is carried out until either one of the driving 
states is detected and a signal has been outputted in step 104 or 
until it has been determined that none of the driving states from 



the quantity F is present. 

It is especially advantageous that the check as to whether 
the most dangerous driving state F 1 is present is undertaken 
first because, for this case, the signal 104 is outputted 
correspondingly rapidly. 

Preferably, the signal, which is outputted in step 104, 
includes an indication of the detected driving state. If, for 
example, the most dangerous driving state has been detected, 
then, simultaneously, a touch- sensitive warning signal and an 
acoustical warning signal for the driver are outputted. In a 
less dangerous driving state, for example, only an acoustic 
warning signal is outputted and for the least dangerous driving 
state, only a visual signal is outputted. 

Alternatively, or in addition, the signal outputted in 
step 104 can be inputted to a control system (open loop 
and/closed loop) of the vehicle. This system can then react in 
correspondence to the detected driving state in order to reduce 
the danger. For example, an automatic braking can be undertaken 
in order to reduce the tilt tendency of the vehicle. 

FIG. 2 shows a block diagram of a corresponding safety 
system 200. The safety system 200 has one or several sensors 202 
for detecting one or several of the driving parameters 2 04 of a 
motor vehicle. The driving parameter (s) 204 are inputted to an 
evaluation module 206. The evaluation module 2 06 has a storage 
area 2 08 wherein the test criteria P 1 , P 2 , P N are stored in 

this sequence. After the initialization of the safety 
system 200, an indicator 210 points to the address in the storage 
region 208 wherein the test criterion P x is stored for the most 
dangerous driving state F 1 . 

The evaluation module 206 further has a storage area 212 



wherein a program is stored. The program in the storage area 212 
functions to evaluate the test criteria Pi, which are stored in 
the memory area 208, with the aid of the driving parameters 204. 

When one of the test criteria Pi is satisfied by the driving 
parameters 2 04 (that is, the corresponding driving state F A has 
been detected) , the program of the storage area 212 generates a 
corresponding signal 214 which is inputted into a drive dynamic 
control system (open loop and/or closed loop) of the vehicle. On 
the basis of the signal 214, the control system 216 can, for 
example, change a chassis parameter of the motor vehicle in order 
to, for example, reduce a tilt tendency of the vehicle. 
Alternatively, or additionally, a warning signal for the driver 
of the vehicle can be generated on the basis of the signal 214. 

During operation, the sensor 2 02 continuously outputs 
driving parameters 2 04 which are continuously measured and/or 
detected by signal evaluation. The program 212 first checks 
whether the driving parameter (s) 204 satisfy the test 
criterion P x . If this is the case, then the signal 214 is 
outputted. If the opposite is the case, then the indicator 210 
is incremented so that it points to the adjacent address area in 
the memory 208 wherein the next test criterion P 2 is stored. 
This test criterion P 2 is then checked based on the driving 
parameters 2 04, et cetera. 

FIG. 3 is a schematic representation of a motor vehicle 300. 
The motor vehicle 300 has a sensor 304 at the left side of the 
forward axle 302 and a sensor 306 at the right side. 
Correspondingly, the motor vehicle 300 has a left sensor 310 at 
its rear axle 308 and a right sensor 312. For example, the 
sensors (304, 306) and (310, 312) can be elevation sensors which 
measure the distance of the particular axle from the chassis of 
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the motor vehicle 300. 

The signals Si and S 2 output ted by sensors 3 04 and 3 06, 
respectively, are inputted to filter module 314. With the aid of 
these signals Si and S 2 , the filter module 314 generates the 
signals x x and x 2 . The signal x x is, for example, proportional to 
a roll angle of the vehicle 300 at the forward axle 302 and the 
signal x 2 is proportional to the roll angle velocity at the 
forward axle 3 02. 

Correspondingly, the signal S 3 and S 4 of sensors 310 
and 312, respectively, are inputted to filter module 316 which 
outputs signals x 3 and x 4 . For example, the signal x 3 is 
proportional to a roll angle at the rearward axle 3 08 and the 
signal x 4 is proportional to the roll angle velocity at the 
rearward axle 3 08. 

The signals x x , x 2 , x 3 and x 4 are inputted to an evaluation 
module 318 which, in principle, is configured the same as the 
evaluation module 206 of FIG. 2. 

Additionally, a sensor 320 can be provided for measuring a 
transverse acceleration of the motor vehicle 300. The sensor 320 
outputs a signal a Q , which is proportional to the measured 
transverse acceleration, into the evaluation module 318. 
Additionally, a sensor 322 can be provided for detecting a yaw 
rate, that is, the speed of rotation about the vertical axis of 
the vehicle. The yaw rates, which are determined by sensor 322, 
are inputted into the evaluation module 318 and can there be 
converted into transverse acceleration data based on a vehicle 
model . 

Furthermore, a sensor 324 is provided for detecting a 
steering angle. The sensor 324 outputs a signal proportional to 
the steering angle to the evaluation module 318. 



Based on the driving parameters (which are detected by the 
signals x lt x 2 and/or x 3 , x 4 and/or a Q and/or the output signal of 
the sensor 322 and/or of the sensor 324), the test 
criteria P lf P 2 , P N are processed in sequence by the 

evaluation module 318 (compare driving parameters 204 of FIG. 2) 
as explained above with reference to FIGS. 1 and 2. When a 
driving state F ± is detected by the evaluation module 318 because 
the corresponding test criterion Pi was satisfied, the evaluation 
module 318 outputs a signal G ± which indicates the detected 
driving state F ± . 

The signal G ± is, for example, inputted into an ABS 
system 32 6, an ESP system 32 8 and/or an engine management 
system 330. Alternatively or in addition, the signal Gi can also 
be inputted into a system for adaptive chassis control which, for 
example, controls the damping characteristics of the motor 
vehicle 300 in dependence upon the signal G ± . 

It is of special advantage here that the most dangerous 
driving state F x is detected the fastest by the evaluation 
module 318 so that the corresponding control systems (open loop 
and/or closed loop) can react correspondingly rapidly to the 
dangerous situation. The control system can, for example, be the 
ABS system 326 and/or the ESP system 328 and/or the engine 
management system 330. 

Alternatively or in addition, a corresponding warning signal 
can be outputted via the display 332 in order to warn the driver 
of the vehicle 300. 

FIG. 4 shows, in tabular form, a decision matrix of the 
evaluation module 318. The decision matrix is, for example, 
formed in the program logic of the evaluation module 318 (see the 
program in storage area 212 of FIG. 2) . 
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In the application of FIG. 4, three different driving states 
are distinguished: 

F x - tilt tendency for a dynamic driving maneuver; 

F 2 = tilt tendency for a quasi-static drive through a curve; and, 
F 3 = tilt tendency when driving or at standstill on a slope. 

The test criterion P-l for the driving state F^l is as 
follows . 

The magnitude of the signal x x is greater than the threshold 
value K 6 and the signal x 2 is greater than the threshold value K 7 
and the magnitude of the signal x 3 lies above the threshold 
value K 8 and the signal x 4 lies above the threshold value K 9 and 
the signal a Q lies above the threshold value K 10 . 

When all of these criteria for the driving parameters are 
satisfied, the test criterion P x is satisfied and the driving 
state F-l is present. 

The test criterion P 2 for the driving state F 2 is as 
follows . 

The magnitude of the signal x x lies above the threshold 
value K 3 and the magnitude of the signal x 3 lies above the 
threshold value K 4 and the signal a Q lies above the threshold 
value K 5 . The signals x 2 and x 4 are not involved in the test 
criterion P 2 . 

Since the driving state F 2 is less critical than the driving 
state F x , the threshold values K 3 , K 4 and K 5 can be selected 
greater than the corresponding threshold values K 6 , K 8 and K 10 . 

The test criterion P 3 for the least dangerous driving 
state F 3 is as follows. 

The magnitude of the signal x x lies above the threshold 
value K L and the magnitude of the signal x 3 lies above the 
threshold value K 2 . Since the driving state F 3 is less critical 
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than the driving state F 2 , the threshold values ^ and K 2 can, in 
turn, be selected above the corresponding threshold values K 3 
and K 4 ; that is, K x > K 3 > K 6 and K 2 > K 4 > K 8 and 
furthermore,' K 5 > K 10 . 

As soon as drive parameters are inputted, the test 
criterion P x is first evaluated by the evaluation module in order 
to check whether the driving state F 1 is present. If this is not 
the case, then the check of test criterion P 2 follows and if this 
too is not satisfied, the evaluation of test criterion P 3 finally 
takes place. From this, there results a check sequence with 
decreasing degrees of danger of the driving states. If, in this 
test sequence, one of the driving states F ± is detected, then a 
corresponding signal Gi is outputted as explained above with, 
inter alia, reference to FIG. 3. 

FIG. 5 shows an example for the realization of the filter 
model 314. In this embodiment, the filter module includes a 
subtractor 500 which subtracts the signals S 1 and S 2 from each 
other. The result of this subtraction is the signal x. ± which is 
proportional to the roll angle at the forward axle 3 02 
(see FIG. 3) . 

The signal x x is inputted to both filters 502 and 504. 
Filter 502 is a so-called long-time filter, that is, a lowpass 
having a relatively large time constant T 1 ; whereas, filter 504 
is a so-called short-time filter, that is, a lowpass filter 
having a relatively short time constant T 2 . For example, the 
time constant T x lies in the range of 1 second to 50 seconds and 
the time constant T 2 lies in the range of 10 to 100 milliseconds. 

The output signals of the filters 502 and 504 are subtracted 
from each other by the subtractor 506 so that one obtains the 
signal x 2 which is approximately proportional to the roll angle 
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velocity, that is, the derivative of the signal x x . 

The operation of the embodiment of the filter module 
of FIG. 5 is shown in FIG. 6. FIG. 6 shows the time-dependent 
course of the signal x x as well as the signals 600 and 602. The 
5 signal 600 is the output signal of the filter 504 and the 

signal 602 is the output signal of the filter 502. The 
difference of these signals is the signal x 2 which is 
approximately the derivative of the signal ^ because of the 
different time constants T 1 and T 2 of the filters 502 and 504. 
10 It is understood that the foregoing description is that of 

the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
from the spirit and scope of the invention as defined in the 
appended claims. 
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